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^ A process for the production of bishomo-Y-linolenic acid 
characterized by adding an additive to a culture medium, which 
additive Is preferably selected from sesame oil. peanut oil, an 
extract from sesame oil or sesame seeds, and a llgnan 
compound present in the extract from sesame oil or sesame 
seeds. The process uses, as a producer microorganism, a 
microorganism capable of producing arachklonic acid. 
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Description 



PROCESS FOR PRODUCTION OF BISHOIMO-y-UNOLENIC ACID 



The present invention relates to a process for the 
production of bishomo-y-llnolenlc acid and a lipid 
containing bishomo-Y-Hnolenlc acid. 5 

it is known that bIshomo-Y-ilnolenIc acid (cis- 
8|11,14-etcosatrleno{c acid is present In fish oils and 
and seaweed as a fatty acid component thereof, but 
since the content thereof is very tow, purified 
bishomo-y-linolenlc acid produced therefrom is very 10 
expensive, and therefore, an efficient process for the 
production thereof is urgently required. To this end, 
various processes for the production of bisiiomo- 
Y-linolenic acid using microorganisms have been 
proposed, but none of those processes Is satlsfac- is 
tory. 

Accordingly, the present invention provides a 
process whereby bishomo-y-iinoienic acid can be 
efficiently produced by using an inexpensive culture 
medium. 20 

The present inventors found that, when a microor- 
ganism capable of producing arachidonic acid is 
cultured in a medium containing sesame oli or 
peanut oil, the production of arachidonic acid is 
suppressed and the amount of bishomo^-linolenic 25 
acid produced is increased. 

The present inventors also found that the effective 
ingredients in sesame oil can be extracted with an 
organic solvent which is substantially immiscible 
with the sesame oil, such as acetone, and that these 30 
ingredients comprise at least sesamin, sesamIrK)!, 
episesamin, episesaminol, and sesamolin. The pres- 
ent Inventors further found that effective ingredients 
can be extracted from sesame seeds with an organic 
solvent, and that these ingredients comprise at least 3S 
2-(3.4-methyienedloxyphenyl)-6-(3-methoxy-4-hy- 
droxyphenyl)-8.7-dloxabicyclo [3.3.0] octane, 
2.6-bis-(3-methoxy-4-hydroxyphenyl)-3,7-dioxablcy- 
clo [3.3.0] octane, 2-(3,4-methyienedloxyphe- 
nyl)-6-(3-methoxy-4-hydroxyphenoxy)-3.7-dioxabi- 40 
cycio [3.3.0] octane. 

Accordingly, the present invention provides a 
process for the production of bishomo-y-linolenic 
and, comprising the steps of: 

cuituring a microorganism capable of producing 45 
arachidonic acid in a culture medium containing an 
additive selected from the group consisting of 
sesame oil. peanut oil. and a mixture thereof, to 
produce bishomo-y-linolenic acid or a lipid contain- 
ing bishomo-y-linolenic acid; or adding the additive 50 
to a culture medium In which the microorganism has 
been grown, and then further cuituring the microor- 
ganism to produce bishomo-y-ilnolenic acid or a 
lipid containing blshomo^-linolenlc acid; and re- 
covering the bishomo^-iinolenic acid. 55 

The pr sent invention als provides a process for 
the production of a lipid containing bishomo^-li- 
nolenlc acid, comprising th step of: 
cuituring a microorganism capable of producing 
arachidonic acid In a culture medium containing an 60 
additive selected from th group consisting of 
sesam oil, p anut oil. and a mixtur thereof, t 
produce a lipid containing bish mo-y-linolenic acid; 



or adding the additive to a culture medium in which 
the microorganism has been grown, and then further 
cuituring the microorganism to produce a lipid 
containing bishomo^-Ilnotenic acid; and recovering 
the lipid containing bishomo-y-linolenic acid. 

The present Invention further provides a process 
for the production of bishomo-y-linolenic acid, 
comprising the step of: 

cuituring a microorganism capable of producing 
arachidonic acid In a culture medium containing an 
additive selected from the group consisting of an 
extract from sesame oil with a solvent which Is 
substantially immiscible with the sesame oil and an 
extract from sesame seeds with a solvent which is 
substantially immiscible with the sesame oil to 
produce bishomo-y-llnolenic acid or a lipid contain- 
ing blshomo^-linolenic acid; or adding the additive 
to a culture medium in which the microorganism has 
been grown, and then further cuituring the microor- 
ganism to produce bishomo-y-tinolenic acid or a 
lipid containing bIshomo-Y-linolenic acid; and re- 
covering the bishomo^-iinolenic acid. 

The present invention also provides a process for 
the production of a lipid containing bishomo^-li- 
nolenlc acid, comprising the steps of: 
cuituring a microorganism capable of producing 
arachidonic acid in a culture medium containing an 
additive selected from the group consisting of an 
extract extracted from sesame oil with a solvent 
which is immiscibie with the sesame oli and an 
extract from sesame seeds to produce a lipid 
containing bishomo^-linolenic acid; or adding the 
additive to a culture medium in which the microor- 
ganism has been grown, and then further cuituring 
the microorganism to produce a lipid containing 
bishomo-7-ilnolenic acid; and recovering the lipid 
containing bishomo-y-linoienic acid. 

The present Invention provides another process 
for the production of bishomo-y-llnolenic acid, 
comprising the steps of: 

cuituring a microorganism capable of producing 
arachidonic acid in a culture medium containing an 
additive selected from the group consisting of 
sesamin sesaminol, episesamin. episesaminol, sesa- 
molin, 2-(3,4-methyienedioxyphenyl)-6-(3-methoxy- 
4-hydroxyphenyl)-3,7-dioxabicyclo [3,3.0] octane, 
2,6-bis-(3-methoxy-4-hydroxyphenyl)-3,7-dioxabicy- 
clo [3.3.0] octane, 2-(3,4-methytenedioxyphe- 
nyl)-6-(3-methoxy-4-hydroxyphenoxy)-3.7-dioxabi- 
cyclo [3.3.0] octane, and a mixture thereof, to 
produce bishomo-7-linolenic acid or a lipid contain- 
ing bishomo-y-linolenlc add; or adding the additive 
to a culture medium In which the microorganism has 
been grown, and then further cuituring the microor- 
ganism to produce bishomo-y-linolenic acid or a 
lipid containing bishom ^-linolenlc acid; and r - 
covering the bishomo^-llnoientc acid. 

The present invention still further provides a 
process for the producti n of a lipid containing 
bish mo-Y-linolenic acid, comprising the St psof: 
cuituring a microorganism capable of pr ducing 
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arachldonic acid in a culture medium containing an 
additiv seiected from the group consisting of 
s samln, sesamin t, pisesamin. episesaminol sesa- 
moiin, 2-(3,4-methylenediaxyphenyl-6-(3-methoxy- 
4-hydroxyph nyl)-37"dio)(abicyclo [3.3.0] octane, 
2,6-bis-(3-methoxy-4-hydroxyphenyi)-3.7-dioxabicy- 
ci [3.3.0] octan , 2-(3,4-m_thytene dioxyphe- 
nyi)-6-(3-metho>ty-4-hydroxyphenoxy)-3,7-dioxabi- 
cyclo [3.3.0] octane, and a mixture thereof, to 
produce a lipid containing bishomo^-linolenic acid; 
or adding the additive to a culture medium in which 
the microorganism has been grown, and then 
culturing the microorganism to produce a lipid 
containing bishomo-Y*linolenlc acid; and recovering 
the lipid containing bishomo-7-tlnolenlc acid. 

Moreover, the present invention provides a pro- 
cess for the production of bishomo-y-linolenic acid, 
comprising the eteps of: 

culturing a microorganism capable of producing 
arachfdonic acid in a culture medium containing an 
additive selected from the group consisting of 
Tarragon extract, Dill Seed extract, Parsley extract. 
Turmeric extract, Nutmeg extract, and a mixture 
thereof, to produce bishomo-Y-linolenic acid or a 
lipid containing bishomo^-ilnolenlc add: or adding 
the additive to a culture medium In which the 
microorganism has been grown, and then further 
culturing the microorganism to produce bishomo- 
y-linolenic acid or a lipid containing bishomo^-il- 
nolenic add; and recovering the bishomo^-linolenlc 
acid. 

The present invention also provides a process for 
the production of a lipid containing bishomo-y-li- 
ndenic acid, comprising the steps of: 
culturing a microorganism capable of producing 
arachldonic acid in a culture medium containing an 
additive selected from the group consisting of 
Tarragon extract, Dili Seed extract, Parsley extract, 
Turmeric extract. Nutmeg extract, and a mixture 
thereof, to produce a lipid containing bishomo-7-ii- 
nolenic acid; or adding the additive to a culture 
medium in v^ich the microorganism has been 
grown, and then further culturing the microorganism 
to produce a lipid containing blshomo^-linolenic 
acid; and recovering the lipid containing blshomo- 
y-iinotenic acid. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 represents graphs showing the 
relationship between the amounts of arachl- 
donic acid and bishomo^-linolenic acid, and 
the concentration of glucose or sesame oil 
add^d to a culture medium; 

Fig. 2 represents graphs showing the rela- 
tionship between the amounts of sesame oil 
and products derived from a medium added 
sesame oil, acetone treated oil or acetone-so- 
luble fraction A and the amounts of various fatty 
acids produced; and 

Fig. 3 represents graphs showing the rela- 
tionship between an amount of sesamin added 
to a medium and am unts of arachldonic acid 
and bishomo^-linolenlc acid produced. 



DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

According to the present Invention, any microor- 
ganism capable of producing arachldonic acid can 
5 b used as the pr ducer micr rganisms. Th se 
microorganisms include those belonging to the 
genera Mortiereila , Conldiobolus , Pythlum , Phytoph- 
thora . PenlciiHum , Cladosoorium , Mucor , Fusarium , 
Aspergillus , Rhodotorula . and Entomophthora , 
10 Microorganisms belonging to the genus Mortiereila 
Indude. for example, Mortiereila elongata IFO 8570, 
Mortiereila exiguja IFO 8571. Mortiereila hygrophila 
IFO 5941 . Mortiereila alpina IFO 8568 and Mortiereila 
pan^isopora IFO 8574. Other strains which can be 
IS used in the present invention include Conidiobolus 
heterosporus CBS 138.67, Pythlum In^eguiare CBS 
494.86, Phytophthora infestans IFO 4872. Conldio- 
bolus thromoboldes CBS 183.60, PenicllHum cya- 
neum IFO 5337, Cladosporium herbarum IFO 30314, 
20 Mucor ambiguus IFO 6742, Aspergillus candldus IFO 
8816. Rhodotorula glutinis IFO 0695. Fusarlum 
oxysporum IFO 5942, Cladosporium sphaerosper- 
mum IFO 6377, and Entomophthora tgnobilis CBS 
181.60. 

25 The above-mentioned strains having an IFO 
number are stored in the Osaka institute for 
Fenmentation; 17-85. Joso-honmachi 2-chome, 
Yodogawa-ku. Osaka 532, Japan, and are available 
to the public without limitation* The above-men- 

30 tioned strains having a CBS number are stored in the 
Central Bureau Voor Schimmelcuitures. Boom. 
Netherlands, and are available to the public without 
limitation. 

Moreover, a strain Mortiereila elongata SAM 0219. 

35 can be used. This strain was newly Isolated from soil 
and identified by the present inventors, and was 
deposited with the Fermentation Research Institute. 
Agency of Industrial Science and Technology (FRI). 
HigashI 1-1-3. Tsukuba-shi, Ibaraki-ken, Japan as 

40 PERM P-8703 on March 19, 1986. and transfenred to 
International Deposition under the Budapest Treaty 
as FERM BP-1239 on December 22. 1986. 

Spores, mycelia, or a preculture are used as an 
inoculum for culturing the present strains. The 

45 medium used may be a liquid or solid medium. A 
liquid medium contains as a carfc}on source, for 
example, glucose, fructose, xylose, saccharose, 
maltose, soluble starch, molasses, glycerol, or 
mannitol. Nitrogen sources include organic substan- 

50 ces such as peptones, yeast extract, meat extract, 
casamino acid, com steep liquor, urea and inorganic 
substances such as sodium nitrate, ammonium 
nitrate, ammonium sulfate, and the like. If necessary, 
inorganic salts such as phosphate salts, magnesium 

55 sulfate, fen-ous sulfate and cupric sulfate, and 
vitamins may be included in a medium. The concen- 
tration of these components is selected so that such 
components do not adversely affect the growth of 
the microorganism used. Practically, the conceptra- 

60 tion of the carbon source is 0.1 to 30Wo by weighty 
preferably 1 to IOV0 by weight, relative to the total 
weight of the medium. The concentration of the 
nitrogen source is 0.01 to 5o/o by weight, preferably 
0, 1 to 20/0 by weight, relative to the total weight of the 

65 m dium. 
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The culturing temperature Is from 5**C to 40** C, 
and the pH value of the medium is 4 to 10, 
preferably 6 to 9. 

Culturing Is preferably cani d out with aeration 
and/or agitation, while shaking in a liquid medium, or 
white standing, and is usually carrfed out for 2 to 10 
days. 

When culturing Is carried out in a solid medium, 
the solid medium is composed of wheat bran, chaff 
or rice bran supplemented with water in an amount 
of 50 to lOOQ/b by weight relative to the wheat bran, 
chaff or rice bran. If necessary, the medium is 
supplemented with a small amount of nitrogen 
source, Inorganic salts, and or minor nutrients. 
Culturing is carried out at a temperature of 5° C to 
40^C, preferably 20**C to 30° C, for 3 to 14 days. 

According to the present Invention, a microorgan- 
ism capable of producing arachidonic acid is 
cultured in a medium contalnlr>g an additive, to 
produce bishomo-y-linotenic add. The additives 
include sesame oil, peanut oil, and a mixture of these 
oils. These oils can be In a crude form or a purified 
form. 

Moreover, the additive can be an extract from 
sesame oil. To obtain the extract, sesame oil Is 
extracted with an organic solvent which is substan- 
tially immiscible with the sesame oil and can extract 
and dissolve effective Ingredients! The organic 
solvents are, for example, acetone, methyl ethyl 
l<etone, diethyl i<etone, methanol, ethanol, and the 
like. To extract the effective ingredients, for 
example, sesame oil and the solvent are homogene- 
ously mixed, and the mixture is allowed to stand at a 
low temperature. Phases are separated by a conven- 
tional procedure such as centrifugation to obtain an 
organic phase, which is then evaporated to obtain an 
extract. Alternatively, an extract useful for the 
present Invention can be obtained from sesame 
seeds. In this oase, sesame seeds, if necessary after 
grinding, are extracted with any solvent able to 
extract the sesame oil, for example, an organic 
solvent described above. After separating the 
solvent from the residue, the solvent Is evaporated 
to obtain an extract. An extract obtained from 
sesame oil or sesame seeds contains lignans such 
as sesamin. sesamlnol, eplsesamin, episesaminol, 
sesamolin. 2-(3,4-methylenedioxyphe- 
nyl)-6-(3-methoxy-4-hydroxyphenyl)-3,7-dloxabicy- 
clo [3.3.0] octane, 2,6-bls-(3-methoxy-4-hydroxy- 
phenyl)-3,7-dioxabicyclo [3.3.0] octane, 
2-(3.4-methylenedioxyphenyl)-6-(3-methoxy-4-hy- 
droxyphenoxy) -3.7-dioxablcyclo [3.3.0] octane. 
Therefore, in embodiments of the present invention, 
the above-mentioned compound alone, or any 
combination of at least two of the above-mentioned 
compounds, can be used as the additive. All of the 
above-mentioned compounds are known and are 
comm r iaiiy available. Altematively, there com- 
pounds can be isolated from the above-mentioned 
xlract fr m sesame il or s same seeds. To this 
end. the extract can be separated by a conventional 
procedure, such as column chromat graphy, high 
p rformance liquid chromatography, distillati n. cry- 
stallization, or a combination thereof. 

Moreover, the additives used in the pres nt 



invention include extracts from various kinds of 
plants, for example, spicy plants such as Tarragon, 
Dill Seed. Parsley, Turmerte. Nutmeg, and the like. 
Moreover, xtracts can be prepared from spicery 

5 made from these plants. There extracts can be 
prepared by extracting the above-mentioned materi- 
als with a conventional solvent such as dichloro- 
methane. ethanol. methanol, ethyl ether or the like. 
The amount of the additive to be added to a 

10 culture medium is approximately as follows. Sesame 
oil, peanut oil, or a total amount of a mixture thereof, 
at 0.001 to 100/0 by weight, preferably 0.5 to lOo/o by 
weight relative to the amount of the medium. The 
extract from sesame oil or sesame seeds is used In 

15 an amount of 3 x 10"^ to 3 x lO^^P/b by weight relative 
to the amount of the medium. The above-mentioned 
lignan compounds are used in an amount of 1 x 10-3 
to 1 X 10-^0/0 by weight relative to the amount of the 
medium. Where a mixture of two or more lignans is 
SO used, this amount Is intended to be a total amount of 
the mixture. 

The above-mentioned additive can be added to a 
culture medium before inoculation, or Immediately 
after inoculation and before the onset of culturing. 

25 Altematively, the additive can be added to a medium 
during culturing, or both before the onset of 
culturing and during culturing. When such an 
additive is used during culturing, it is added at one 
time, stepwise, or continuously. 

$0 Note, to enhance the effect of the additive olive oil, 
soybean oil, cottonseed oil, coconut oil, or the like, 
which would increase the production of arachidonic 
acid, can be added to the culture medium. 
During the culturing. a lipid containing a large 

35 amount of bishomo-Y*linolenic acid is intracellulariy 
accumulated. Where culturing is carried out in a 
liquid medium, blshomo^-linoienlc acid is re- 
covered, for example, as follows. After the culturing 
cells are collected from the culture broth by a 

40 conventional means such as filtration or centrifuga- 
tion, the ceils are washed with water, and preferably, 
the washed cells are dried. 

Drying is carried out by, for example, tyophilization 
or air-drying. The dried product Is treated with an 

45 organic solvent or a mixture thereof, preferably 
under a nitrogen stream, to extract a lipid containing 
btshomo-Y-linolenIc acid. The organic solvent or 
mixture thereof is, for example, ethers such as ethyl 
ether, hydrocarbons such as hexane, alcohols such 

SO as methanol or ethanol, hato-hydrocarbons such as 
chloroform or dichtoromethane. petroleum ether, as 
well as a mixture of chloroform, methanol and water, 
or a combination of methanol and petroleum ether 
alternately used. By distilling off the solvent, a lipid 

55 containing bishomo^-linolenic acid is obtained. 

Altematively, wet cells or the culture broth can be 
subjected to direct extraction. In such a case, a 
water-miscible solvent such as m than I or ethanol, 
or a water-misclble solvent mixture comprising the 

60 water-miscible solvent and water or other organic 
solvent Is used. The extraction procedure is the 
same as d scribed for dried cells. 

Th lipid thus obtained contains bishom -y-II- 
nolenic acid in the form of a lipid compound such as 

65 fat. Although bishomo-y-Iinolenic acid can b iso- 
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lated in the form of free blshomo^-linolanic acid, it Is 
preferably Isolated in the form of an ester with a 
lower alcohol, f r example, as methyl ster. By 
converting blshomo^-linolenlc acid to such an 
ester, it is easily separated from oth r lipid compo- 
nents, and from other undesirable fatty acids formed 
during culturing, such as palmitic acid,, oleic acid, 
linoleic add and the like, which are also esterified at 
the same time as bishomo^-llnolenic acid is 
esterified. To obtain methyl ester of blshomo^-li- 10 
ndento acid, for example, the lipid prepared as 

described above Is treated with a 5 to lOo/o 

hydrochloric acid solution In absolute methanol or a Producer 
10 to 50(Vb BFs solution in methanol for 1 to 24 hours 
at a room temperature. IS 

The mixture thus obtained is extracted with an 
organic solvent such as hexane, ethyl ether or ethyl 
acetate, to recover methyl ester of blshomo^-li- 
nolenlc acid. Next, the extract Is dried over anhy- 
drous sodium sulfate, and the solvent is distilled 20 
under a reduced pressure to obtain a residue mainly 
comprising a fatty acid mixture. The mixture con- 
tains, in addition to methyl ester of blshomo^-li- 
nolenlc acid, methyl piamltate. methyl stearate. 
methyl oleate and the like. From the mixture, methyl 25 
ester of bishomo-7-linolenic acid is isolated by 
column chromatography, low temperature crystalli- 
zation, a urea adducing method, or a combination 
thereof. 

The isolated methyl ester of blshomo^-iinolenic 30 
acid is then hydrolyzed with an alkali and extracted 
with an organic solvent such as ethyl ether, ethyl 
acetate, or the like to obtain blshomo^-iinoienlc 
acid In a free form. 

Altematively, bishomo^-linotenlc acid can be 35 
obtained, without conversion to methyl ester, by 
alkalotysis with, for example, 5<Vb sodium hydroxide 
at a room temperature for 2 to 3 hours, followed by 
extraction of the fatty acids from the alkalolysis 
product and Isolation of blshomo^-linolenic acid. 40 

Examples 

The present invention will now be further illus- 
trated by, but is by no means limited to, the following 
examples. 45 

Example 1 

Two ml each of a culture medium A containing 
2.5(Vb glucose and I0/0 yeast extract (pH 6.0) and a 
culture medium B containing 0.5(Vb glucose. 20/o so 
sesame oil, and yeast extract (pH 6.0) were put 
Into test tubes having a screw cap. and the whole 
was autoclaved at 120°C for 20 minutes. Mortierella 
Isabeliind IPO 7884, Mortierella vinacea IFO 7875, 
Mortierella humicola IFO 8289. Mortierella nana IFO 55 
8796. Mortierella alpina IFO 8568. Mortierella elong- 
ata IFO 8570, and Mortierella parvlspora IFO 8574 
were separately inoculated to each of the above- 
mentioned two media, and cultured on a reciprocat- 
ing shaker at 1 10 rpm, f r six days at 26° C. After the &) 
culturing, each cultur broth was evap rated to 
dryness in a centrifugal vaporat r at 60*'C for tw 
hours. T ther sidue were added 2 ml of methylen 
chloride and 2 rtil of IOP/0 hydrochloric acid in 
abs lute m thanot. and the wh le was Incubated at 65 



50° C for three hours to estertfy produced fatty acids. 
To the mbcture were added 4 ml of n-hexane s^nd 1 ml 
of water to extract the fatty acids methyl esters. The 
extraction was carried out twice, and the extractants 
w re c mbin d and evaporated in a centrifugal 
evaporator at 40°C f r one hour to eliminate th 
solvent. The fatty ackl methyl esters thus obtained 
were analyzed by gas chromatography, and the 
results are shown In Table 1. 

Table 1 



Fatty adds produced 



strains 










Y-linolenIc 


bishomo- 


arachi- 




acid 


Y-linolenic 


nonic acid 




(mg/l) 


acid 
(mg/l J 


(mg/l) 


M. 


101.6 






isabeilina 


143.4 






M. vinacea 


122.4 
195.4 






M. 


122.5 






humicola 


215.7 






M. nana 


195.6 
216.8 






M. alpina 


113.0 


70.7 


617.0 


276.1 


301.6 


141.7 


M. 


72.9 


67.2 


430.3 


elongata 










160.7 


125.0 


92.5 


M, 


116.7 


81.9 


268.2 


parvispra 










361.9 


398.1 


55.8 



Upper figures: results from the medium A 
Lower figures: results from the medium B 

As seen from Table 1, vtrhen a microorganism 
capable of producing arachldonic acid was cultured 
in a medium containing sesame oil, the promotion of 
arachldonic acid was suppressed, and a targe 
amount of bishomo^-linolenic acid was produced. 
Note, the produced bishomo-Y-tinolenIc acid was 
identified by Mass spectrum and NMR analysts. 

Example 2 

Four ml each of a medium containing 4(Vo glucose, 
10/0 yeast extract, and 29fo sesame oil (pH 6.0) 
(medium A), a medium containing 4P/o glucose, 
yeast extract and 20^ peanut oil (pH 6.0) (medium 
B). a medium containing 4<Vb glucose. I^Vb yeast 
extract, and 2P/o olive oil (pH 6.0) (medium C), and a 
medium containing 40/0 glucose and 10/0 yeast 
extract (pH 6.0) (medium D) were put Into 20 ml 
Erienm y r flasks and autoclaved at 120° 0 for 20 
minutes. 200 ml of a spore suspension of Mortierella 
alpina IFO 8568 was added to each medium, and 
culturing was carri d out on a recipr eating shaker 
at 110 rpm. f r 8 days at 20'' C. After the culturing. 
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each culture broth was filtrated to recover cultured 
cells, which were then thoroughly washed wtth 
water. The washed cells were dried fn a centrifugal 
evaporation, and the dried cells wer subjected t 
hydrolysis, methyl-esterificatlon, and extraction as 
described in Example 1, and fatty add methyl esters 
thus obtained were analyzed by gas chromato- 
graphy. The results are shown in Table 2. 

Table 2 



Additive 




Product 






Dry cell 


bishomo- 


Arachi- 




(g/i) 


Y-linolenIc 


donio acid 






acid (g/l) 


(g/l) 


none 


17.9 


0.43 


3.48 


Peanut oil 


35.8 


0.99 


2S2B 


20/0 








Sesame oil 


35.3 


1.53 


0.92 


20/0 








Olive oil 


35.9 


0.51 


3.58 


20/0 









As seen from Table 2, the addition of sesame oil or 
peanut oil to a culture medium suppressed the 
production of arachldonic add and stimulated the 
production of bIshomo-Y-llnolenic acid. Note, olive 
oil representing an oil other than sesame oil and 
peanut oil did not stimulate the production of 
bishomo-Y-linolenic add. 

Example 3 

Ten ml each of a medium containing 0. 0.5, 1, 2, 3, 
or 40/0 glucose, Wo yeast extract, and 20/o sesame 
oil (pH 6.0), and a medium containing 40/o glucose, 
1<Vo yeast extract, and 0, 1, 2, or SWo sesame oil (pH 
6.0) was put into 50 ml Erlenmeyer fjasks and 
autoclaved at 120"* C for 20 minutes, 250 ^1 of a spore 
suspension of Mortlerella alplna IFO 8568 was 
inoculated to the medium, and cutturing was carried 
out on a reciprocating shaker at 110 rpm, for seven 
days at 28'' Q. After culturing, the filtration of the 
cultured broth, washing cells with water, drying of 
cells, hydrolysis of the lipid, methyi-esterification of 
the fatty acids, and extraction of the methyl esters 
were carried out by the same procedures as 
described in Example 1 . The fatty acid methyl esters 
thus obtained were analyzed by gas chromato- 
graphy, and the results are shown in Figure 1. 

As seen from Fig. 1 , the production of arachidonic 
acid and bishomo-y-iinolenlc add was increased In 
accordance with the increase of glucose added, and 
the addition of sesame oil suppresses the produc- 
tion of arachidonic acid and stimulates the produc- 
tion of bIshomo-Y-linolenic acid. 

Example 4 

100 ml ach of a medium containing SWo glucose, 
10/0 yeast extract and 20/o sesame oil (pH 6.0) was 
put into a 500 ml Erlenmeyer flask and autoclaved at 
120**C for 20 minutes, 2.5 ml of a spore susp nsion 
of Mortierella alplna IFO 8568 was Inoculated to the 
medium, and culturing was carried out on a 
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redprocating shaker at 110 rpm. for seven days at 
20**C. Filtration of the cultured broth, washing the 
cells with water, drying the cells, hydrolysis of a lipid, 
methyl-est rification of the fatty adds, and extrac- 
tion of the methyl est rs were carried out by the 
same procedures as described in Example 1, to 
obtain 12.0 g of a mixture of fatty acid methyl esters. 
This mixture contained methyl bishomo^-linolenate 
in an amount of 9.3o/o by weight relative to a total 
amount of the mixture, which corresponds to 2.23 
g/l of the medium, and 55.8 mg/g of dry ceils. The 
mixture contained methyl arachidonate In an amount 
of 6.60/6 by weight relative to a total amount of the 
mixture, which corresponds to 1.58 g/l of the 
medium, and 39.4 mg/g of dry cells. 

Example 5 

2 ml each of a medium containing 4^o glucose. 
10/o yeast extract, and 10>b sesame oil (pH 6.0), and a 
medium containing 4<Vo glucose and 1o/o yeast 
extract (pH 6.0) was put into a 10 ml Erlenmeyer 
flask, and autoclaved at 120'' C for 20 minutes. 
Conldlobolus heterosporus CBS 138.57. Pythlum 
Irreguiara CBS 494.86. Phytophthora infestans IFO 
4872, Conldlobolus thromoboides CBS 183.60, Peni- 
cillium cyaneum IFO 5337, Ciadosporium herbarum 
IFO 30314. Mucor ambiguus IFO 6742, Aspergillus 
candidus IFO 8816, Rhodotorula glutinis IFO 0695. 
Fusarium oxysporum IFO S942, Ciadosporium 
sphaerospermum IFO 6377, or Entomophthora ig- 
noblils CBS 181 .60 were separately inoculated to the 
above-mentioned media, and cultured on a recipro- 
cating shaker at 110 rpm, for seven days at 28** C. 
Filtration of the cultured broth, washing the cells 
with water, drying the cells, hydrolysis of the fatty 
acids, methyi-esterification of tfie fatty adds, and 
extraction of the methyl esters are carried out by the 
same procedures as described in Example 1 to 
obtain a mixture of the fatty add methyl esters. The 
mixture was analyzed by gas chromatography, and 
the results are shown In Table 3. 
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Table 3 

Amount of production of btehomo-y-llnolenic acid 
per medium (mg/l) 



Producer 
strain 



Sesame oil 



Conldlobolus 
heterosporus 
CBS m£7 
Pythium 
Irregulare CBS 
494.86 

Phytophthora 
Infestans IFO 
4872 

Conidtobolus 
thromoboldes 
CBS 183.60 
Penlcllllum 
cyaneum IFO 
5337 

Cladosporium 
herbarum IFO 
30314 
Mucor 

amblguus IFO 
6742 

Aspergillus 
Candidas IFO 
8816 

Phodotorula 
glutinis IFO 
0695 
Fusarlum 
pxysporum 
IFO 5942 
Cladosporium 
sphaerosper- 
mum IFO 6377 
Entomoph- 
thora IgnobltIs 
CBS 181.60 



Absent 



Present 



40,7 



12^ 



10.2 



14.1 



7.8 



3.0 



3.6 



7.4 



4.3 



4.4 



6.1 



8.3 



520.1 



56.3 



93.4 



77.1 



19.3 



12.3 



11.4 



22.1 



17.3 



21.4 



19.4 



24.1 



Example 6 

4 ml each of a culture medium containing 40/0 
glucose and IO/0 yeast extract was put Into 20 ml 
Ertenmeyer flasks and autoclaved at 120*C for 20 
minutes. 200 jiJ of a spore suspension of Mortierella 
Q'P'"a <ro 8568 was inoculated to the medium, and 
culturing was carried out on a reciprocating shaker 
at 110 rpm, for two days at 28*»C, and then 80 mg 
(20/5) of sesame oil was added to the culture. 
Culturing was further continued for six days. After 
the culturing, cultured cells were recovered by 
filtration, thoroughly washed with water, and dried In 
a centrifugal evaporator at 60*0 for two hours. The 
hydrolysis of fatty acids, methyi-esteriflcati ns of the 
fatty acids, and xtraction of the fatty acid methyies- 
ters were carried out by the same, procedures as 
described In Example 1 . to obtain a fatty acid methyl 
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ester mixture. A gas chromatography analysis of the 
mixture showed that an amount of blshomo-7-li- 
nolenic acid produced per medium was 1.6 g/l 

Example 7 

In 150 ml of acetone was dissolved 20 g of sesame 
oil, the solution was allowed to stand overnight at 
-80**C, and as a result, the oil fraction settled. The 
whole was then filtered to obtained an acetone 
fraction. The acetone fraction was evaporated to 
obtain an acetone-soluble fraction A. The settled 
fraction was freed from the acetone In a rotary 
evaporator to obtain an acoton-treated oil. The 
amount by volume of the fraction A was one fiftieth 
of the oil.' 

2 ml each of a medium containing 40/0 glucose 
1<Vb yeast extract, and 0. 0.6. 1, 2 or 3(Vb sesame oif 
(pH 6.0); a medium containing 40/6 glucose, 10>b 
yeast extract, and 0, 0.5. 1. 2 or 3(Vb the acetone- 
treated oil. (pH 6.0); and a medium containing 4tVb 
glucose, m yeast extract, and 0. 0.1. 0.2 or 0.5 mg 
the fraction A (pH 6,0) were put into 10 ml 
Erienmeyer flasks and autoclaved at 120** C for 20 
minutes, 100 nl of a spore suspension of Mortierell a 
^P'"a IPO 8568 was inoculated to the medium, and 
culturing was carried out on a reciprooatipg shaker 
at 110 rpm. for eight days at 28*»C. After culturing. 
the cultured broth was filtrated to recover cells, 
which were thoroughly washed with water, and then 
dried. To the dried celts were added 2 ml of 
methylene chloride and 2 ml of a mbcture of lOtVb 
hydrochloric acid In absolute methanol, and the 
mixture was Incubated at 50° C for three hours to 
methyl-esterify fatty acids. To the mixture were 
added 4 mi of n-hexane and 1 ml of water, to extract 
the fatty acid methyl esters. The extraction was 
twice repeated. The obtained organic phase was 
evaporated in a centrifugal evaporator at 40*^0 for 
one hour to obtain a residue comprising fetty acid 
methyl esters, which was then analyzed by gas 
chromatography. The results are shown In Figure 2, 
As seen from Fig. 2, the amount of bishomo-y-ti- 
nolentc add produced was Increased by adding 
sesame oil per se or the acetone soluble fraction A, 
but was not increased by adding the acetone- 
treated oil. On the other hand, an amount of 
arachidonic acid produced was decreased by ad- 
ding sesame oil or the acetone-soluble fraction A 
but was not substantially affected by adding the 
acetone-treated oil. 

This means that the effective Ingredients were 
extracted from the sesame oil with acetone. 

The ratio of the arachidonic acid produced relative 
to the total fatty acids produced was remarkably 
reduced by the addition of sesanrie oil, the acetone- 
soluble fraction A, or the acetone-treated oil. On the 
other hand, the ratio of linoleic acid produced 
relative to the total fatty acid produced was 
Increased by the addition of sesame oil or acetone- 
treated oil. and was not affect d by the additi n of 
the acetone-soluble fraction A. As a result, the ratio 
f bishomo-y-lin lenic acid produced relative to th 
t tal of fatty acids produced was Increased by the 
addition of the acetone-soluble fraction A. 



7 



13 



EP 0322227 A2 



14 



Example 8 

The acetone-soluble fraction A obtained In 
Example 7 was separated by a high performance 
liquid chromatography using a reverse phase col- 
umn (5Ci8) and a mlxtur of methanol and water 
(volume ratio = 60:40) as an eluent, to obtain 
fractions which stimutate the production of 
bishomo-Y-linolenIc acid. One of the obtained 
fractions was evaporated to obtain crystal. After 
recrystallization, this substance was analyzed by 
Mass spectrometry and NMR, and confirmed to be 
sesamin. 2,6-bis-(3,4-methylenedloxyphenyl)-cis- 
3,7-dioxabicyclo [3.3.0] octane. 

2 ml each of a medium containing 4^fo glucose, 
I^Vb yeast extract, and 0, 5, 10, 20. 35 or 50 pj of a 
solution of 0.4<Vb of the sesamin preparation thus 
obtained in chloroform was put into a 10 ml 
Erlenmeyer flasic, and autoclaved at 120*^0 for 20 
minutes, 100 p,l of a spore solution of Mortlereiia 
alpina IFO 8588 was incubated to the medium, and 
culturing was carried out on a reciprocating shaker 
at 110 rpm, for seven days at 28** C. The filtration of 
the cultured broth, washing of the cells with water, 
drying the celts, hydrolysis of the fatty acids, 
methyl-esterification of the fatty acids, and extrac- 
tion of the methyl esters were carried out by the 
same procedures an described in Example 1, to 
obtain a mixture of the fatty acid methyl esters. The 
mixture was analyzed by gas chromatography and 
the results are shown In Rg. 3. 

As seen from Fig. 3. the amount of bishomo^-li- 
nolenic add produced was Increased, and the 
amount of arachidonlc acid produced was reduced, 
by the addition of sesamin. 

Example 9 

Two mi of a medium containing 40^ glucose and 
10/0 yeast extract was put into a 10 ml Erlenmeyer 
flask and autoclaved at 120** C for 20 minutes, 100 fil 
of a spore suspension of Mortlereiia alpina IFO 8568 
was inoculated to the medium, and culturing was 
carried out on a reciprocating shaker at 1 10 rpm, for 
two days at 28** C. Then 50 |jil of the sesamin solution 
prepared In Example 8 was added to the culture, and 
culturing was continued for a further six days. After 
the culturing, the filtration of the cultured broth, 
washing of the cells with water, drying the cells, 
hydrolysis of the fatty acids, methyl-esterification of 
the fatty acids, and extraction of the methyl esters 
are carried out by the same procedures as de- 
scribed in Example 1 , to obtain a mixture of the fatty 
acid methyl esters. The mixture was analyzed by gas 
chromatography. Bishomo-y-linoienic acid was pro- 
duced in an amount of 1.5 g/l of the cultured broth. 

Example 10 

2 ml each of a medium containing 40/o glucose, 
10/0 yeast extract and 50 ^I the sesamin solution 
prepared in ExampI 8 (pH 6.0). and a medium 
containing 4tVb glucose and 1o/o yeast extract (pH 
6.0). was put Into 10 ml Erlenmeyer flasks, and 
autoclaved at 120** C for 20 minutes. 

Conidiobolus heterosporus CBS 138.57, Pythium 
irregulare CBS 494.86, Phytpohthora infestans IFO 
4872. Peniciilium cyaneum IFO 6337, Cladosporium 
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herbarum IFO 30314, Mucor ambiguus IFO 6742, 
Aspergillus candkius IFO 8816, Rhodotorula glutinis 
IFO 0695, Fusarium oxysporum IFO 5942. Ento- 
mophthora ignobiiis CBC 181.60 were separately 
inoculated to the above-mentioned media, and 
culturing was carried out on a reciprocating shaker 
at 110 rpm, for seven days at 28*'C. The filtration of 
the cultured broth, washing of the cells with water 
drying the cells, hydrolysis of the fatty acids, 
methyl-esterlftcation of the fatty acid, and extraction 
of the methyl esters are carried out by the same 
procedures as described in Example 1 , to obtain a 
mixture of the fatty acid methyl esters. The mbcture 
was analyzed by gas chromatography and the 
results are shown In Table 4. 

Table 4 

Amount of bishomo-Y-llnolenic ackl per medium 
produced (mg/l) 



Producer 
strain 



Sesamin 



Absent 



Present 



Conldtoboius 
heterosporus 
CBS 138.57 
Pythium 
irregulare CBS 
494.86 

Ptrytophthora 
Infestans IFO 
4872 

Peniciilium 
cyaneum IFO 
5337 

Cladosporium 
herbarum IFO 
30314 
Mucor 

ambiguus IFO 
6742 

Aspergillus 
Candidas IFO 
8816 

Phodotorula 
glutinis IFO 
0695 
Fusarium 
oxysporum 
IFO 5942 
Entomoph- 
thora ignobiiis 
CBS 181.60 



38.9 
10.6 
11.7 
7.5 
3.0 
3.2 
6.9 
3.7 
4.4 
7.7 



460.3 
63.2 
72.4 
21.1 
14.8 
10.2 
24.9 
17.7 
18.6 
21.3 



Example 11 

The fractions other than that containing sesamin. 
as prepared In Example 8. were evaporated to obtain, 
crystals, which were then recrystallized in ethan I. 
The crystals were analyzed by Mass spectroscopy 
and NMR. and confirm d to be sesaminol, i.e., 
2-(3.4-methylenedioxy-6-hydroxyphe- 
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nyl)-6-(3,4-methylenedioxyphenyl)-ci3-3.7-<ii xabi- 
cyclo [3.3.0] octane, episesamin t, and episesamin. 
The fractions of sesaminol, episesaminol, and 
e(risesamin were evaporated in a centrifugal evap- 
orator, and the residues were dissolved In 200 ^ of 
chiorofomi to prepare solutions of sesaminoi, 
episesaminol, and episesamin. 

2 ml of each of a medium containing 40/o glucose, 
10^ yeast extract, and 50 of the solution of OAWo 
sesaminoi, episesaminol or episesamin (pH 6.0) was 
put Into 10 ml Ertenmeyer flasks and autoclaved at 
120°C for 20 minutes, 100 ^i of a spore suspension 
of Mortlerelia alplna IFO 8568 was inoculated to the 
medium, and cutturing was carried out on a 
reciprocating shaker at 110 rpm. for eight days at 
28'* C. After culturirig, the filtration of the cultured 
broth, washing of the cells with water, drying the 
cells, hydrolysis of the fatty acids, methyl-esterlfica- 
tlon of the fatty acids, and extraction of the methyl 
esters were carried out by the same procedures as 
described In Example 1. to obtain a mixture of the 
fatty acid methyl esters. The mixture was analyzed 
by gas chromatography. As a result, it was found 
that the amount of bishomo^Hinoienlc acid pro- 
duced was greatly Increased by the addition of 
sesaminoi, episesaminol or episesamin. and the 
amounts of bishomo-y-linolenlc acid were 0.86, 0.71 , 
and 0.81 g/l of the broth respectively. 

Example 12 

0.5 g each of spiceries, l.e., Tarragon, Dili Seed, 
Parsley, Turmeric, and Nutmeg, were separately 
added to 5 ml of dichioromethane, each mixture was 
ground in a mortar with a pestle to extract 
Ingredients, and the whole was centrlfuged to obtain 
a supernatant, which was then evaporated to obtain 
an extract. Each extract obtained from the above- 
mentioned spiceries was dissolved In 4 ml of ethanol 
to prepare a solution. 

On the other hand, aqueous solutions of 4 mg/ml 
of uracil, cytodne, adenine, guanine and hypoxan- 
thine were prepared. 

10 ml each of a medium containing 4Q^o glucose 
and 10/0 yeast extract (pH 6.0) was put Into test 
tubes, and autoclaved, and to the test tubes were 
added 50 \i\ of the above-prepared solutions, and 
100 ^ each of a spore suspension of Mortlerelia 
Alplna IFO 8568 was inoculated to the media. 
Culturing was carried out for six days at 2B°C with 
shaking at 300 rpm. cells were obtained from each 
cultured broth, and the cells were treated by the 
same procedures as described in Example 1. to 
determine the amount of bishomo-y-iinolenic acid 
obtained from each culture. The results are shown in 
Table 6. 



Table 5 



Amount of bishom ^-4inolenlc acid produced (g/l 
broth) 



5 



Additive 


Amount of product 


Tarragon extract 


u.oo 


Dili Seed extract 


0.43 


Parsley extract 


0,37 


Turmeric extract 


0.75 


Nutmeg extract 


0.45 


Uracil 


0.25 


Cytocine 


0.22 


Adenine 


0.35 


Guanine 


0.27 


Hypoxanthine 


0.25 



^ As a comparison, an amount of bishomo-^-Ii- 
nolehlc acid produced from a culture without an 
additive was 0.18 g/l. 

Example 13 

25 The same procedure as described In Example 12 
was repeated except that the Turmeric extract was 
used as an additive and various producer strain were 
cultured. The results are shown in Table 6. 
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Table 6 

Amount of blshomo^-IInolenlc add per medium 
produced (mg/l) 



Producer 
strain 



TUrmertc extract 



Absent 



Present 



Conidiobolus 
heterosporus 
CBS 138.57 
Pythium 
innegulare CBS 
494.86 

Phytophthora 
infestans IFO 
4872 

Penicillium 
cyaneum IFO 
5337 

Cladosportum 
herbrum IFO 
30314 
Mucor 

ambtgus IFO 
6742 

Aspergillus 
Candidas IFO 
8816 

Phodotorula 
glutlnis IFO 
0695 
Fusarium 
oxysporum 
IFO 5942 



40.3 
9.7 

10.8 
7.6 
2.3 
3.5 
8.9 
3.4 
4.0 



250.3 



25.4 



32.7 



15.4 



8.8 



1Z9 



20.5 



6,5 



7.7 



As seen from Table 6. the Turmeric extract 
enhanced the production of bishomo-Y-linolenic 
acid for all strains tested. 

Example 14 

As Itgnan compounds other than those described 
above, sesamoiin (compound A) from a crude 
sesame oil; and 2-(3,4-methylenedioxyphe- 
nyI)-6-(3-methoxy-4-hydroxyphenyl)-3,7-dioxabicy- 
clo [3.3.0] octane (compound B), 2.6-bls-(3-meth- 
oxy-4-hydroxyphenyl)-37-dioxabicyclo [3.3.0] oc- 
tane (compound C), and 2-(3,4-methylene dtoxyphe- 
nyl)-6-(3-methoxy-4-hydroxyphenoxy)-^7-dioxabi- 
cyclo [3.3.0] octane (compound D) from sesame 
seeds were known. Using the same procedures as 
described in Examples 8 and 11, the above-men- 
tioned compounds were Isolated and recovered by 
high performance liquid chromatography. 

2 ml each of a medium containing 49A} glucose, 
lo/o yeast extract, and O.OWo the compound A, B. C 
or D was put into 10 ml Ertenm yer flasl< and 
aut clavedat120°Cf r20minut s, 100^1 of a spore 
suspension of Mortierella alpina IFO 8568 was 
In culated to the media, and cutturing was carried 
out on a reciprocating shaker at 110 rpm, for eight 
days at 28° C. After culturing. the filtration of the 
cultured broth, washing f the cells with water, 
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drying the cells, hydrolysis of the fatty ackls, 
methyl-esterification of the fatty ackls. and extrac- 
tion of the methyl esters were carried out by the 
same procedures as described in Example 1, to 
obtain a mixture of the fatty acid methyl esters, The 
mixture was analyzed by gas chromatography, and 
the results are shown In Table 7. 

Table 7 

Amount of bIshomo-Y-linolenIc acid per medium 
produced (mg/l) 



Additive 


Amount of product 


Compound A 


0.74 


Compound B 


0.63 


Compound C 


0.59 


Compound D 


0.66 



As seen from Table 7 by adding the compound A, 
B. C, or D, a large amount of bishomo^-llnolenlc 
acid was produced. 

It is clear from the above-mentioned results, that 
haedoxane-related compounds having a basal 
structure similar to the above-mentioned compound 
are effective as additives for the present Invention. 



Claims 



1. A process for a production of bishomo- 
Y-linolenic acid, comprtelng the steps of: 
culturing a microorganism capable of produc- 
ing arachldontc acid In a culture medium 
containing an additive selected from the group 
consisting of sesame oil. peanut oil and a 
mixture thereof to produce blshomo^-linolenlc 
acid or a lipid containing bishomo^-llnolenlc 
acid; or adding the additive to a culture medium 
in which the microorganism has been grown, 
and then further culturing the microorganism to 
produce bishomo-y-tinolenlc acid or a lipid 
containing bishomo-Y-llnolenic acid; and 
recovering the blshomo^-linolenic acid. 

2. A process for a production of a lipid 
containing bishomo-y-llnolenlc acid, compris- 
ing the steps of: 

culturing a microorganism capable of produc- 
ing arachidonic acid in a culture medium 
containing an additive selected from the group 
consisting of sesame oil. peanut oil and a 
mixture thereof to produce a lipid containing 
bishomo-Y-iinolenic acid; or adding the additive 
to a culture medium In which the microorgan- 
ism has been grown, and then further culturing 
th microorganism to produce a lipid containing 
bishomo^-linolenic acid; and 
recovering th lipid containing bishomo-y-li- 
nolenlcacid. 

3. A process for a production of blshom - 
Y-linolenic acid, comprising the steps of: 



10 



19 



EP 0322227 A2 



20 



culturing a microorganism capabi of produc- 
ing arachidonlc acid in a culture medium 
containing an additive selected from the group 
consisting of an extract from sesame it with a 
solvent which is substantially Immiscible wtth 5 
the sesame oil and an extract from sesame 
seeds with a solvent which Is substantially 
immiscible with the sesame oil to produce 
blshomo^-iinolenlc acid or a lipid containing 
blshomo^-ilnolenic acid ; or adding the additive 10 
to a culture medium in which the microorgan- 
ism has been grown, and then further culturing 
the microorganism to produce blshomo-y-il- 
nolenlc acid or a lipid containing bishomo^-li- 
nolenlcacld;and IS 
recovering the bishomo-y-linolenic acid. 

4. A process for a production of a lipid 
containing bisliomo^-linolenic acid, compris- 
ing the steps of: 

culturing a microorganism capable of produc- 20 
Ing arachidonlc acid in a culture medium 
containing an additive selected from the group 
consisting of an extract from sesame oil with a 
solvent which Is immiscibie with the sesame oil 
and an extract from sesame seeds with a 26 
solvent which is immiscible with the sesame oil 
to produce a lipid containing blshomo^*4i- 
noienic acid; or adding the additive to a culture 
medium in which the microorganism has been 
grown, and then further culturing the microor- 30 
ganism to produce a lipid containing bishomo- 
Y-llnolemc acid; and 

recovering the lipid containing bishomo-Y-H- 
noienicadd. 

6. A process for a production of bishomo- 35 
Y-linolenic acid, comprising the steps of: 
culturing a microorganism capable of produc- 
ing arachidonlc acid in a culture medium 
containing an additive selected from the group 
consisting of sesamin, sesamlnol, episesamin, 40 
episesamlnol. sesamolin, 2-(3.4-methylenedi- 
oxyphenyi)-6-(3-methoxy-4-hydroxyphe- 
nyi)-3,7-dioxabicyclo [3.3.0] octane, 2.6-bis- 
(3-methoxy-4-hydro>cyphenyl)-3,7-dloxabicyclo 
[3.3.0] octane, 2-(3.4-methylenedioxyphe- 45 
nyl)-e-(3-methoxy-4-hydroxyphenoxy)-3,7-di- 
oxabicyclo [3.3.0] octane, and a mixture thereof 
to produce bishomo-^-linoienlc acid or a lipid 
containing bishomo-y-linolenlc acid; or adding 
the additive to a culture medium in which the 50 
microorganism has been grown, and then 
further culturing the microorganism to produce 
blshomo-^-iinolenic acid or a lipid containing 
bishbmo-Y-iinoienlcacld; and 
recovering the bishomo^-iinolentc acid. 55 

6. A process for a production of a lipid 
containing bishomo-^-linolenic acid, compris- 
ing the steps of: 

culturing a microorganism capable of produc- 
ing arachidonlc acid in a cultur medium €0 
containing an additive selected fr m the group 
consisting of sesamin, sesamlnol, episesamin, 
episesamin I, sesamolin, 2-(3,4-methylenedl- 
xyphenyi)-6-(3-methoxy-4-hydroxyphe- 
nyl)-37-dioxabicycio [3,3.0] octane, 2,6-bis- 65 



(3-methoxy-4-hydroxyphenyl)-3,7-dioxablcycio 
[3.3.0] octane, 2-{3,4-methylenedioxypher 
nyl)-e-(3-methoxy-4-hydroxyphenoxy)-3,7-di- 
oxabicyclo [3.3.0] octane, and a mixture thereof 
to produce a lipid containing bishomo-y-ii- 
nolenlc acid; or adding the additive to a culture 
medium In which the microorganism has been 
grown, and then culturing the microorganism to 
produce a lipid containing bishomo-Y-iinoienic 
acid; and 

recovering the lipid containing bishomo^-li- 
noienicacid. 

7. A process a for production of bishomo- 
y-iinoienic acid, comprising the steps of: 
culturing a microorganism capable of produc- 
ing arachidonlc acid In a culture medium 
containing an additive selected from the group 
consisting of Tarragon extract, Dili Seed ex- 
tract. Parsley extract. Turmeric extract, Nutmeg 
extract and a mixture thereof to produce 
bishomo-y-linolenic acid or a lipid containing 
bishomp-Y-linolenIc add; or adding the additive 
to a culture medium in which the .microorgan- 
ism has been grown, and then further culturing 
the microorganism to produce bishomo^-li- 
rK)lenio acid or a lipid containing bishomo-Y-li- 
nolenic acid; and 

recovering the bishomo-y-4inoienic acid. 

8. A process for a production of a lipid 
containing bishomo-Y-iinolenic acid, compris- 
ing the steps of: 

culturing a microorganism capable of produc- 
ing arachidonlc acid in a culture medium 
containing an additive selected from the group 
consisting of Tarragon extract, Dill Seed ex- 
tract, Parsley extract, Tunneric extract, Nutmeg 
extract and a mixture thereof to produce a lipid 
containing bishomo-Y-linolenIc acid; or adding 
the additive to a culture medium In which the 
microorganism has been grown, and then 
further culturing the microorganism to produce 
a lipid containing blshomo-y-llnolenlc acid; and 
recovering the lipid containing bishomo-Y-li- 
nolenicacid. 

9. A process according to any one of claims 1 
to 8, wherein the microorganism capable of 
producing arachidonlc acid is selected from 
microorganisms belonging to the genera Mor- 
tierella , Conidiobolus , Pythium , Phytophthora , 
Pencillium , Ciadosporium . Mycor. Fusarium , 
Aspergillus , Rhodotoruia and Entomophthol^ . 

10. A process according to any one of claims 1 
to 8, wherein the microorganism capable of 
producing arachidonlc acid is selected from the 
group consisting of Mortierella elongata IFO 
8570, Mortierella exigua IFO 8571, Mortierella 
hygrophila IFO 5941, Mortierella alplna IFO 
8568, Mortierella elongata SAM 0219, Mortie- 
rella pan/lspora IFO 8574. Conidiobolus hete- 
rosporus CBS 138.57, Pythium Irreguiare CBS 
494.86. Phytophthora Infestans IFO 4872, Conl- 
dioboius thromoboides CBS 183.60, Penidllium 
cyaneum IFO 5337, Ciadosporium herbarum 
IFO 30314. Mucor ambiguus IFO 6742, Asperil- 
iuscandidus IFO 881 6, Rhodotorula glutinis tFO 
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